INTRODUCTION
Psoriasis is a chronic, relapsing, inflammatory skin disease that affects about 2% of the Caucasian population, causing a significant impairment of quality of life, particularly if it is diffuse and recalcitrant to treatments [1] [2] [3] . Much attention has been drawn towards upgrading psoriasis from a skin condition to a systemic disease, as serum biomarkers for inflammation [interleukin (IL)-1β, IL-6, IL-10, C-reactive protein, intracellular adhesion molecule-1, E-selectin, and tumour necrosis factor-α] are raised. Psoriatic patients could therefore have a higher risk of developing systemic comorbidities, including psoriatic arthritis, inflammatory bowel diseases (Crohn's disease and ulcerative colitis), or cardio-metabolic disorders (such as myocardial infarction hypertension, obesity, diabetes, dyslipidemia, fatty liver disease, and hyperuricemia) [4] [5] [6] [7] .
Recently, hospital-based observational studies suggested that patients with psoriasis are 1.5-to 3-fold more likely to have nonalcoholic fatty liver disease (NAFLD). This increased risk of NAFLD and subsequent risk of liver damage was explained by an increased prevalence of NAFLD risk factors such as obesity, diabetes mellitus, and alcohol consumption among patients with psoriasis [8] . Moreover, among the various pathways that contribute to the development of hepatic steatosis (HS), circulating concentrations of inflammatory cytokines are considered to be the most important factor in causing and maintaining insulin resistance (IR). Low-grade chronic inflammation, of which IL-6 is the main involved cytokine, is fundamental in the progression of NAFLD toward higher-risk cirrhotic states, via nonalcoholic steatohepatitis (NASH) [9] . NASH is a progressive liver disease characterized by Kupffer cell dysfunction, which contributes to its pathogenesis. Noteworthy, the reticular-endothelial system also plays a key role in the spleen. Indeed, Tsushima et al [10] found an association between NAFLD and enlarged spleen volume measured by computed tomography. Moreover, as it is now known, obesity and IR are strongly associated with systemic markers of inflammation [11] . Studies attempting to find a noninvasive method that could likely assess the presence of NASH and using histology as a gold standard to diagnose NAFLD, revealed that the NASH subjects had a higher spleen longitudinal diameter (SLD) and significantly higher IL-6 and vascular endothelial growth factor concentrations than healthy controls and patients with fatty liver [12] .
The aim of this retrospective study was to establish if psoriatic patients presented a larger spleen volume, as an index of low-grade chronic inflammation, and to what extent HS was present. Further the relationships between Psoriasis Area and Severity Index (PASI), the most used score to evaluate the clinical severity, and anthropometric data, IR, grade of HS, and spleen volume were analyzed.
MATERIALS AND METHODS
Seventy-nine consecutive psoriatic patients who attended the Dermatology Clinic of the University of Naples Federico II between July 2012 and October 2013, and who were not suffering from any chronic inflammatory diseases, viral or bacterial infections, or cancer were retrospectively included in this study, and their complete medical records were accessed. A similar group of 80 obese patients with body mass index (BMI) > 30 attending the outpatient obesity clinic, without psoriasis, and were well matched for age (max tolerance: three years of difference) and sex was compared as a control. The source population for cases and controls was the same.
Patients aged ≥ 18 years with moderate or severe plaque psoriasis were included in the study. Psoriasis was diagnosed according to clinical criteria. Severity was assessed according to PASI, body surface area (BSA) measurement, and static Physician's Global Assessment. Disease severity was classified as ≥ 10 according to the PASI. Disease severity was scored as moderate when PASI was 10-20 and severe when PASI score was > 20. Chronic plaque psoriasis was considered localized or disseminated when it covered less or more than 10% of the BSA, respectively. No patient suffering from psoriasis was on beta-blockers, lithium, or anti-malarials.
Patients receiving any systemic treatment for psoriasis including acitretin, ciclosporin, methotrexate, phototherapy, or biologics for ≥ 6 mo before enrollment were not included in the study. After signed informed consent was obtained, all subjects were visited by a dermatologist who registered demographic, biometric, and other relevant data on a case-report form. Relevant data collected included age, sex, weight, height, BMI, waist circumference, blood pressure, smoking habit, age at psoriasis onset, type and severity of psoriasis, concomitant medications, and abdominal US. Obesity was determined by measuring BMI and was corrected for abdominal adiposity. Measurements of height and body weight were taken by a trained research staff for each patient. Height was measured to the nearest 1 mm and weight was measured to the nearest 0.1 kg. The BMI was calculated as weight in kg divided by height in m 2 ; obesity was defined as BMI > 30 kg ⁄m 2 . Visceral obesity was identified by measuring waist circumference at the midpoint between the lower border of the rib cage and the iliac crest. Hip circumference was measured around the widest part of the buttocks, with the tape parallel to the floor, and the waist to hip ratio was calculated. IR status was determined by the homeostatic metabolic assessment (HOMA), which was assessed by the formula: fasting insulin (µU/mL) × fasting glucose (mg/dL)/405. Moreover, as the repeated HOMA measurements presented high within-person variability in obese patients, HOMA values were averaged on the basis of at least five determinations to avoid misclassification.
Patients with psoriatic arthritis, inflammatory bowel diseases, rheumatoid arthritis, or other autoimmune disease such as lupus erythematosus and primary biliary cirrhosis were excluded.
Ultrasound evaluation
Ultrasonographic measurements were performed using an Esaote system (Genoa, Italy). SLD as an index of low-grade chronic inflammation was chosen to evaluate spleen volume and was carried out by postero-lateral scanning [12] . Maximum length (the optically greatest overall longitudinal dimension obtained from one of the two poles) and cranio-caudal length (the optically maximal transversal dimension intercepting one of the two poles) were measured; the resulting values were then averaged, as the two measurements do not always coincide. The classification of HS (commonly defined as "bright liver") was based on the following scale of hyper-echogenicity at ultrasound (US): grade 0 = absent, grade 1 = light, grade 2 = moderate, grade 3 = severe, pointing out the difference between the densities of the liver and the right kidney [13] .
Technically, echo intensity can be influenced by many factors, particularly by gain intensity. To avoid confounding factors that could modify echo intensity and thus bias comparisons, mean brightness levels of both liver and right kidney cortex were obtained on the same longitudinal sonographic plane.
Statistical analysis
Alanine and aspartate aminotransferase level ratio, SLD, and HOMA were not normally distributed when analyzed by the Shapiro-Wilk (S-W) test (p < 0.05), and were expressed as median (interquartile range). Age and PASI were derived from a normally distributed population, and were articulated as mean ± SD. Grade of HS was an ordinal variable and analyzed by a nonparametric method. Appropriate tests for matched case-control studies included the paired t test or the nonparametric Wilcoxon test. McNemar's test for frequencies was used instead of the independent t and χ 2 tests because the former take into account the dependent nature of the case and control subjects [14] . When dealing with subgroup analyses, i.e., psoriatic patient with normal weight or overweight/obese, the Man-Whitney U test was used. For univariate analysis, to assess the independent effect of a quantitative variable on the prediction of another one, the linear regression analysis (least squares) was used, evaluating the coefficient with its standard error and the t (t-stat). A t > 1.96 with a significance < 0.05 indicates that the independent variable is a significant predictor of the dependent variable within and beyond the sample. To evaluate the association between spleen size and the grade of HS in psoriatics, the Spearman's coefficient of rank correlation (ρ) was calculated. To establish what the best combination of independent variables would be to predict the dependent variable, a multiple regression (enter method) was adopted. BMI was used as dependent variable, while the independent ones were BMI, HOMA, and PASI. To avoid multi-collinearity, i.e., situations in which the predictors are correlated with each other to some degree, the variance inflation factor and tolerance were set at > 10 and < 0.1, respectively. Similarly, to get the sense of which variables contribute more or less to the regression equation, the magnitude of standardized coefficient beta (β) was calculated.
RESULTS
Seventy-nine patients with psoriasis (51 male and 28 female; age: 46.55 ± 15.56 years, range: 18-76 years), and 80 age-and sex-matched controls (52 male and 28 female; age: 44.3 ± 12.87 years, range: 19-73 years) participated in the study. No statistically significant difference was noted in age between the groups. The mean duration of psoriasis was 17.9 years (range: 1-63 years). PASI score ranged from 6.4 to 59.0 (14.75 ± 12.78), and 55/79 (69.62%) had moderate to severe psoriasis (PASI > 10). BSA ranged from 2% to 85%, (15.23% ± 11.09%), while 43/79 (54.43%) patients had involved BSA > 10%. SLD of obese patients was greater than that of psoriasis group [11.1 (10.2-12.4) vs 10.4 (9.4-11.9), p = 0.013] ( Figure  1A) . BMI predicted the size of the spleen, evaluated as SLD in psoriatic patients (coefficient: 2.56, t = 5.57; p < 0.001) ( Figure 1B ). The SLD of psoriatic patients with normal weight was significantly reduced when compared to the SLD of the overweight/obese psoriatic patients [9.6 (9.2-10.4) vs 11 (9.9-12.3), p < 0.01] ( Figure 1C ). There was no difference in frequency of HS presence in the two groups; 65/79 psoriatic patients and 73/80 obese subjects showed HS (McNemar test; p = 0.070). The median grade of HS was significantly different between patients and obese controls [2.0 (1.0-3.0) vs 2.0 (2.0-3.0), p = 0.006] ( Figure 1D) .
Homa IR predicted the severity of psoriasis evaluated by the means of PASI (coefficient: 0.051, t = 2.35; p = 0.020) (Figure 2A ). The grade of HS was predicted by PASI (coefficient 0.05, t = 2.9; p = 0.005) ( Figure  worldwide have shown that people with psoriasis have comorbidities such as diabetes, hypertension, and lipid abnormalities [15] [16] [17] .
With regard to possible mechanisms to explain these findings, we hypothesize that this association to the psoriatic march, the process by which inflammatory mediators released in the course of the psoriatic autoimmune reaction, causes IR, which is correlated to an increased prevalence of metabolic syndrome [18] . Earlier studies have shown that IR is common in patients with psoriasis and that the PASI is the major determinant of IR [19] . The data presented here confirm this association. These observations support the concept of synergistic effects from the chronic state of inflammation caused by obesity and the chronic systemic Th1 lymphocytemediated inflammation characteristic of psoriasis, which has recently been put forward by Hamminga et al [20] . In the literature, there is no data about the importance of the spleen as an indicator of systemic inflammation in patients with psoriasis. Although the data reported here do not reveal a correlation between PASI and SLD, there is a correlation between the duration of the disease and the SLD.
The spleen is the largest lymphoid organ in the body and plays an important role in host immune function and blood filtration via the removal and destruction of aged or damaged erythrocytes and other blood 2B). The spleen size strongly predicted the grade of HS (coefficient: 0.47, t = 3.6; p < 0.001) ( Figure 2C ). However, SLD did not predict PASI (coefficient: 0.03, t = 54). A multiple regression analysis including the anthropometric and disease severity measures showed that BMI was the unique predictor of spleen size (β = 0.39; p < 0.001). Finally, when evaluating the impact of disease age in psoriatic patients, the duration of psoriasis (counted as years of disease) predicted the SLD (coefficient: 1.8, t = 2.11; p = 0.038) ( Figure  2D) . Interestingly, the values of transaminases of this population fell in the upper normal range: alanine transaminase, 40 (34-46) U/L; aspartate transaminase, 34 (30-43) U/L. Finally, the association between spleen size and the severity of HS was significant (ρ = 0.415; p < 0.001).
DISCUSSION
The key findings of this research can be summarized as follows. Firstly, robust links were found among HS, further expression of the metabolic syndrome, and PASI, as well as between IR and PASI. Secondly, a strict relationship between disease duration and spleen size was observed. However, few studies published during the last decade investigated the link between spleen and psoriasis. On the other hand, many studies [21] . Splenic gene expression of proinflammatory cytokines, such as tumor necrosis factor-α and IL-6, is decreased in the setting of obesity [22] . In contrast, IL-10, which is synthesized within multiple organs, including the spleen, is a potent anti-inflammatory cytokine that inhibits the synthesis of proinflammatory cytokines. Large amounts of IL-10 are produced from activated B-cells that mature in the marginal zone of the spleen. Recent studies suggest that IL-10-producing B-cells play a regulatory role in suppressing harmful immune responses [23] . Gotoh et al [24] have supported the hypothesis that obesity suppresses the splenic synthesis of the anti-inflammatory cytokine, IL-10, thereby resulting in chronic inflammation. IL-10 may contribute to disease susceptibility in psoriasis, and it has been reported that IL-10 deficiency is a feature of psoriasis [25] . The increased diameter of the spleen found in our psoriatic patients with long-term illness may be the expression of the immune system's response to the state of chronic inflammation. It should be emphasized that the increased spleen volume represents a clinical finding, not a comorbidity, such as obesity, linked to the low-grade chronic inflammatory status.
The results of this study show a clear link between psoriasis and HS as well as the spleen. The specific role of the spleen in psoriatics could help us to more comprehensively understand the inflammatory mechanism underlying this illness: psoriasis would be the most superficial manifestation of a chronic inflammatory process involving various organs and systems. Evaluation of the SLD could help to ameliorate the approach of psoriasis, helping clinicians to identify psoriatic patients who need early attention via modification of their lifestyle and alimentary habits. However, further studies are needed to better understand the potential involvement of the spleen in psoriasis inflammatory context.
Limitations
A limitation of the present study is the lack of liver biopsies to better define the HS, even though the US determination of moderate-to high-grade HS is quite reliable [26] . Furthermore, detection of the levels of serum inflammatory markers, clues of both psoriasis and NAFLD, would have strengthened the impact of these results. However, there is a large body of evidence that confirms the main role of C-reactive protein and IL-6 as main mechanisms of psoriasis and NAFLD, evidenced by high serum levels of this acutephase reactant and cytokine, respectively [11, 12] .
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